Helicobacter pylori (H. pylori) infection can induce chronic inflammation and is associated with insulin resistance, metabolic syndrome and body mass index (BMI, kg/m 2 ) changes. This study aimed to evaluate the association between H. pylori infection and overweight/obesity. This research was a crosssectional study conducted from March 2014 to November 2016, using data from the three districts in the northeastern region of Taiwan. The inclusion criteria were an age >30 years and the absence of pregnancy. Ultimately, 2686 subjects (1713 women) were included in this study. Among the subjects aged less than 50 years, the subjects with H. pylori infection had higher mean BMI values than those without H. pylori infection (40-49 years: 25.7 ± 4.4 vs. 24.7 ± 3.8, P = 0.025; 30-39 years: 24.9 ± 4.4 vs. 24.0 ± 4.1, P = 0.063). H. pylori infection increased the risk of being obese 2 (BMI ≥30) (odds ratio, OR = 1.836, 95% CI = 1.079-3.125, P = 0.025) with adjustments for demographic factors in subjects aged less than 50 years. In conclusions, subjects with H. pylori infection and age less than 50 years may increase a risk of being obesity (BMI ≥30) compared to those without this type of infection.
. The prevalence of overweight in adults is 38.5% (men 48.7%, women 28.3%) based on the Taiwan criteria (body mass index, BMI ≥ 24 kg/m 2 ) 3, 4 . Obesity-related comorbidities, such as diabetes mellitus and hypertension, are a public health economic burden in Taiwan 5 . Excessive caloric intake and decreased physical activity are the main reasons for the increasing prevalence of obesity 6 . Recently, gut microbiota has been reported to have an important role in the development of obesity 7, 8 . Helicobacter pylori (H. pylori) is a gram-negative microorganism found in the human stomach. Chronic infection with H. pylori will induce an immune response and result in local gastritis or a systemic response 9, 10 . In recent studies, H. pylori was also found to be associated with some extradigestive diseases, such as insulin resistance, metabolic syndrome and obesity [11] [12] [13] . The mechanism associating H. pylori infection and obesity may be related to H. pylori infection-related gastritis or peptic ulcer, immunological cytokines and leptin [14] [15] [16] [17] [18] . In clinical observations, H. pylori infection-related gastritis or peptic ulcers have been found to lead to dyspepsia and poor appetite. Patients gain weight following successful H. pylori eradication [19] [20] [21] . Tumor necrosis factor-α (TNF-α) is a key mediator of inflammation that is involved in the development of obesity-related insulin resistance 22 . Leptin is an adipokine and might regulate body weight via decreased appetite and food intake 23 . Gastric inflammation is highest with cytotoxin-associated gene A (cagA) strains of H. pylori 24, 25 . The prevalence of H. pylori infection is approximately 50-60% in people aged 50 years old, and most (99%) of the H. pylori infection strains are cagA-positive strains in Taiwan 26 . H. pylori infection can induce changes in gastric mucosal leptin and TNF-α levels, which influence body weight changes 10, 14, 16, 27, 28 . Recent cross sectional studies have reported conflicting results that demonstrate an association between H. pylori infection and BMI 13, [29] [30] [31] [32] [33] [34] . Most of these association studies lacked adjustments for confounding factors, such as socioeconomic class, education status, jobs, and mental or psychological evaluations, which are associated with BMI. It is necessary accurately adjust for these potential confounders to evaluate the association between H. pylori infection and BMI. We hypothesized that colonization with H. pylori is associated with a change in BMI due to chronic inflammation and insulin resistance and that cytokines (TNF-α and C reactive protein) and adipokines (adiponectin and leptin) are involved. Most patients get H. pylori infections during childhood, the inflammatory influences of H. pylori infection on body weight may be different between patients in the young age (early life) and in the old age (late life) 35 . This study aimed to evaluate the association between H. pylori infection and BMI using data from three districts in the northeast region of Taiwan. Data including age, inflammatory cytokine and adipokine levels as well as detailed demographic data (socioeconomic status, education, job, mental or psychological evaluation scores) were included in the analysis.
Results
A total of 2723 subjects were enrolled. Eighty-two subjects were excluded because their BMIs were less than 18.5 kg/m 2 (underweight or thin). Thirty-seven subjects were excluded because they had underling diseases or took drugs that would interfere with the H. pylori test or the accuracy of the BMI calculation. Eighteen subjects had taken proton pump inhibitors, antibiotics or H. pylori eradication medications within one month, no subjects were taking body weight remodeling drugs (i.e. Xenical), four subjects were taking steroids, six subjects were on hormone therapy, six subjects had underlying diseases or thyroid disorders, and three subjects had underlying malignancies. Ultimately 2604 subjects (1713 women) were included in this study (Fig. 1) . These subjects were divided into the following 4 groups by BMI stratification: 1098 subjects in the normal weight group (18.5 ≤ BMI < 24), 818 (31.4%) in the overweight group (24 ≤ BMI < 27), 446 (17.1%) in the obese 1 group (27 ≤ BMI < 30), and 242 (9.3%) in the obese 2 group (BMI ≥ 30). The demographic and characteristic data are listed in Table 1 . More than half (57.8%) of the subjects were overweight or obese (BMI ≥ 24). Subjects in the overweight, obese 1 and obese 2 groups were more likely to be male than those in the normal weight group (41%, 43.5%, 47.1%, respectively vs. 28.1%, P < 0.001). The prevalence of DM, hyperlipidemia, HTN and metabolic syndrome were higher among the overweight and obese subjects than those of normal weight subjects. The overweight and obese subjects had higher mean HOMA-IR, HS-CRP, leptin, TNF-α, and WBC values and lower mean adiponectin values than those with normal weight. Figure 2 reveals that prevalence of H. pylori infection in the normal, overweight, obese 1 and obese 2 subjects as classified according to Taiwan's criteria and the WHO Asian criteria for overweight or obesity. The blue bars (Taiwan criteria) reveal that the prevalence of H. pylori infection in the normal (18.5 ≤ BMI < 24), overweight (24 ≤ BMI < 27), obese 1 (27 ≤ BMI < 30) and obese 2 (BMI ≥ 30) subjects were 50.1%, 56.5%, 54.0% and 54.5%, respectively (P for trend = 0.044). The red bars (Asian criteria) indicated that the prevalence of H. pylori infection in the normal (18.5 ≤ BMI < 23), overweight (23 ≤ BMI < 27.5), obese 1 (27.5 ≤ BMI < 30) and obese 2 (BMI ≥ 30) subjects were 49.0%, 55.4%, 54.4% and 54.4%, respectively (P for trend = 0.034). 25.7 ± 4.4 vs. 24.7 ± 3.8, P = 0.025; 30-39 years: 24.9 ± 4.4 vs. 24.0 ± 4.1, P = 0.063). Among the subjects aged more than 50 years, there were no significant differences in the mean BMIs between the subjects with and without H. pylori infection in any age period. was positively correlated with age, DM, the MCS score from the SF-36 and WBC. H. pylori infection was negatively correlated with marriage status. The statistically significance factors in the correlation analyses for both BMI level and H. pylori infection were entered into logistical regression analyses as potential confounding factors. To evaluate the association between H. pylori infection and the BMI stratification, we estimated the odds ratios for being overweight or obese according to H. pylori infection status using logistic regression analyses with adjustments for confounding factors and using the control subjects of normal weight (Table 3) .Compared with the subjects of normal weight, H. pylori infection increased the risk of being overweight (OR = 1.226, 95% confidence interval = 1.015-1.480, P = 0.034) with adjustments for demographic factors (age, gender and marriage status). A subgroup analysis was performed according to the age of subjects (less or not less than 50 years). Among subjects aged less than 50 years, the adjusted OR for being obese 2 (BMI ≥ 30) was 1.836 (95% CI = 1.079-3.125, P = 0.025) for the subjects with H. pylori infection compared with the subjects without this infection with adjustments for confounding factors.
Discussion
In the current study, more than half of the subjects were overweight or obese among those aged 50 years or older. The prevalence of overweight or obesity (BMI ≥ 24) was 56.2%, and the mean age was 55.2 years old in this group. As in a previous report, the current study found that most of the overweight or obese people were male, and they had higher prevalence of insulin resistance or diabetic mellitus, dyslipidemia and metabolic syndrome 5, 6 . The associations between H. pylori infection and overweight/obesity are still under debate (Table 4 ). The reasons for inconclusive results are multifactorial and include different subject sources (e.g., young, middle-aged or elderly), H. pylori detection methods (e.g., serum antibody, urea breath test or histology) and BMI criteria for the normal, overweight and obese categories. The majority of the studies did not exclude the underweight (thin) with BMIs < 18.5 from the normal control group.
An analysis of an age-and sex-stratified cross section of the Danish population (n = 2913) found that subjects in the upper fourth of the BMI distribution were slightly more likely to be H. pylori-seropositive (OR adjusted for socioeconomic factors 1.6, 95% CI: 1.1-2.4) 36 . Arslan et al. also found a higher H. pylori infection rate among a young obese group of Turks (mean 24.3 years) compared to a control group (25.5 years; 57.2% vs. 27.0%) and a significant association between obesity and serum antibody positivity for H. pylori (OR = 2.11, 95% CI = 1.49-3.00, P < 0.001) 33 . Two studies by Kopácová et al. 37 39 and Zhang et al. 34 from Taiwan and China, respectively, also reported a higher prevalence of H. pylori infection among overweight and obese subjects than among those of normal weight. Zhang et al. reported a trend of increasing H. pylori infection rates among normal, overweight and obese subjects (37.36%, 41.88%, 45.77% respectively; P for trend = 0.006) 34 . However, other cross-sectional studies have found no association between H. pylori colonization and the risk of obesity 29, 31, 32, [40] [41] [42] [43] . Kawano et al. 40 , Kyriazanos et al. 29 , and Archimandritis et al. 41 reported that H. pylori infection is not related to BMI in Japanese and Greek subjects. Later USA studies by Ioannou et al. 31 and Cho et al. 32 reported no relationship between H. pylori and overweight/obesity. The P value (0.044) for the difference in the incidence of H. pylori infection was P value for the trend of the 4 study groups, including normal, overweight, obese 1 and obese 2 by Taiwan's criteria. Similarly, the P value was 0.034 by Asian's criteria. The reason for the marginal difference of H. pylori infection among these 4 groups was the close H. pylori infection rates between the groups of overweight (56.5%), obese 1 (54%) and obese 2 (54.5%). When we compare the H. pylori infection rate between normal group (50.1%) and overweight group (56.5%) separately, the difference in the incidence of H. pylori infection is very significant (P < 0.01). Although the H. pylori rates in obese1 (54.0%) and obese 2 (54.5%) were higher than the rate in normal group (50.1%), the difference was not significant by Chi-square statistic (P > 0.05). The reason may be due to relatively small number in the obese 1 and obese 2 (type 2 error). The other explanation is age distribution. If we classified the age with 10 years interval, we find the most different mean BMI value between subjects with or without H. pylori infection was in age interval 40-50 years old. The mean BMI of subjects aged within 40-50 years and H. pylori infection was higher than those without this infection (25.7 ± 4.4 vs. 24.7 ± 3.8, P = 0.025). If we just compare the H. pylori infection rates without age classification between these 4 groups, the incidences of H. pylori among these 4 groups were only marginal significance. If we divided the subjects by aged less than or more than 50 years old, the difference of H. pylori infection rate among these 4 groups was more significant in subjects aged less than 50 years. In the current study, we found an association between H. pylori infection and overweight after adjusting for certain confounding factors including age and sex. Moreover, when analyzing subjects aged less than 50 years, H. pylori infection was associated with obese2 (BMI ≥ 30 kg/m 2 ).This is consistent with our previous finding that H. pylori infection increased insulin resistance and metabolic syndrome in residents younger than 50 years old 12 11, 12, 44 . One Taiwanese study from Wu et al. found that the H. pylori frequency is lower among the morbidly obese than normal control subjects (43.7% in 414 subjects with BMIs ≥ 35 vs. 60.0% in 683 subjects with BMIs < 25). These authors found an inverse relationship between H. pylori and BMI and volunteered the hypothesis that H. pylori could prevent progression to obesity 15 . Other studies are conflicting and have reported weight gain (increased BMI) after successful H. pylori eradication [19] [20] [21] 42 . In the current study, a subgroup analysis of the 42 obese subjects (mean age 52.1 years) with BMIs ≥ 35 kg/m 2 was also performed, and the H. pylori infection rate was 59.5%. This infection rate was similar to the rates in the overweight (56.5%) and obese (27 ≤ BMI < 35, 53.90%) subjects but higher than the rate in the normal weight subjects (50.1%). The reasons for the different findings regarding the H. pylori infection rates among morbid obesity subjects (BMI ≥ 35) between Wu's study and the current study are multifactorial and include the subject source (hospitalized patients vs. community people), the H. pylori detecting method (serum antibody test vs. UBT) and different BMI cutoff points for normal controls (BMI ≤ 25 vs. 18.5 ≤ BMI < 24).
The additional information provided by this study is that the effect of H. pylori on obesity may be different between young subjects (aged less than 50) and older subjects. Because most subjects get H. pylori infection in young age, the inflammatory responses for H. pylori infection may be more predominant in this period 9, 10, 35 . However, old subjects have more comorbidity, which results into more inflammatory responses in the whole body, will attenuate or dilute the effect of H. pylori infection on obesity, insulin resistance or metabolic syndrome.
There are some limitations in the current study. First, this was a cross-sectional study based on community health screening data, so selection bias cannot be excluded. Second, esophagogastroduodenoscopy was not performed for subjects with H. pylori infection. Some people with H. pylori infection experienced atrophic gastritis, dyspepsia and weight loss, but other people with H. pylori infection did not experience appetite loss or weight change. The causality of H. pylori infection-induced weight change could not be determined in this study. Third, some results, such as daily exercise time or medicine use, were from questionnaires but not from real tests or medical records. Under or overestimated data would be collected due to unsure memory of subjects. Four, the result of current study could not be generalized beyond our study population and area, because the life pattern or food of our subjects may be different from the residents of other areas.
In conclusion, subjects with H. pylori infection and age less than 50 years old may increase a risk of being obesity than those without this infection.
Methods
This study originated from a community-based survey for metabolic syndrome and H. pylori infection. It was performed in the northeastern region of Taiwan, which included the Wanli, Ruifang and Anle districts, from March 2014 to November 2016. The inclusion criteria were an age ≥ 30 years and the absence of pregnancy. The exclusion criteria were conditions that would interfere with H. pylori tests or BMI calculation accuracy. Participants were excluded if they were currently or had recently (within one month) received medicines for H. pylori eradication, body weight remodeling (i.e. Xenical), rheumatoid arthritis or autoimmune diseases (i.e., steroid or immunosuppressant treatment), thyroid disorder and malignancy. A standardized questionnaire was administered to all participants by a trained team of interviewers. The items in the questionnaire involved comprehensive alcohol consumption (amount and duration), smoking and betel nut chewing status, and physical activity (the SF36 health survey and daily activity time). All participants received a demographic survey, a physical examination, a 13 C urea breath test (UBT) for detecting H. pylori infection, and blood tests. The demographic survey assessed the family history and the medical history of systemic diseases, such as diabetes mellitus (DM), hypertension, hyperlipidemia, rheumatoid arthritis, autoimmune diseases and malignancy. A survey of medication history included proton pump inhibitor therapy, H. pylori eradication, antibiotics received within one month, hormone therapy, and steroid or immunosuppressant treatment. The physical examination included measurements of basic vital signs (body temperature, respiratory rate, heart rate, and blood pressure), body weight, body height, and waist girth (circumference). Waist girth was measured at the midline between the lowest margin of the subcostal rib and the upper margin of the iliac crest.
The study was conformed to the ethical guidelines of the Declaration of Helsinki, and was performed with the approval of the ethical committee of the Keelung Chang Gung Memorial Hospital. The Institutional Review Board of the Chang-Gung Memorial Hospital approved this research (IRB No: 103-3886C). All participants agreed to join the study and signed an informed consent form before enrollment into the study.
Body mass index (BMI).
The BMI was calculated as the weight (kg) divided by squared height (m), and the result was recorded in kg/m 2 . The cutoff points for BMI were adopted as suggested by the health promotion administration of the Ministry of Health and Welfare in Taiwan and included normal (18.5 ≤ BMI < 24), overweight (24 ≤ BMI < 27), and obese (BMI ≥ 27) categories 5 . According to the principal cutoff points for obesity from the WHO, a further analysis of the obese subjects was performed by dividing the obese subjects into obese 1 (27 ≤ BMI < 30) and obese 2 (BMI ≥ 30) groups. Another BMI classification from the WHO Expert Consultation for Asians was also used for the analysis in which normal weight was defined as 18.5 ≤ BMI < 23 kg/m 2 , overweight was defined as 23 ≤ BMI < 27.5 kg/m 2 and obesity was defined as BMI ≥ 27.5 kg/m 2 45 .
Metabolic syndrome (MS).
A race-specific waist circumference threshold was applied to prevent a discrepancy in MS prevalence according to the NCEP ATP III criteria 46 . Urea breath test (UBT). H. pylori infection was detected with the Proto Pylori kit (Isodiagnostika, Canada), which contains 75 mg of 13 C-urea and additives. The results are expressed as delta over baseline (DOB) based on the comparison of two breath samples that were obtained within a 30-minute interval and analyzed by gas chromatography/isotope ratio mass spectrometry. A local validation test with a DOB cut-off value of 3.5 yielded a sensitivity of 96% (95% confidence interval [CI]: 93%-99%) and a specificity of 98% (95% CI: 93%-102%) according to the manufacturer's reference. A higher HOMA-IR score indicates a greater tendency for insulin resistance (i.e., a lower insulin sensitivity) 47 .
Adiponectin and leptin.

Short form-36 (SF-36).
The Chinese version of the SF-36 questionnaire was applied for the quality of life survey 48, 49 . A lower score indicates greater disability, and a higher score indicates less disability. Two aggregate summary measures, i.e., the physical component summary (PCS) and the mental component summary (MCS), were also analyzed.
Statistical methods. For continuous variables, the values are expressed as the means and the standard deviations (SDs). T-test was applied for comparing the mean values of two samples. One-way ANOVA was used for comparing the mean values of multiple samples. Categorical data were analyzed with the chi-square test or the Fisher exact test as appropriate. All statistical tests were 2-tailed. A P-value of < 0.05 was considered to indicate a statistically significant difference. Correlation coefficients, such as the Pearson, phi and Spearman rho correlation coefficients were chosen. The phi coefficient analysis was utilized for binary category data (i.e. H. pylori), the Spearman rho coefficient was used for rank correlations (i.e. normal weight, overweight, obese 1 and obese 2) and the Pearson correlation coefficient was used for continuous data (i.e. HS-CRP, TNF-α, adiponectin, leptin). The statistical analyses were performed using SPSS (version 16.0, SPSS Inc., Chicago, IL) for Windows.
Ethical Adherence. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The Institutional Review Board of the Chang-Gung Memorial Hospital approved this research (IRB No: 103-3886C). All participants agreed to the study conditions and provided informed consent before the enrollment in this study.
